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1. Introduction

The performance and necessity of RSRQ measurement quantity for mobility support was evaluated [1, 2, 3]. In RRM Ad-Hoc discussions [4] the following decisions were made 

· Agreed to use RSRQ as an intra-frequency measurement e.g. to trigger “emergency” handover 

· Benefit of RSRQ for IF handover to be investigated further (different load conditions, different UE measurement strategies, connection to RSRP, …)

In this contribution we present further system level studies evaluating the use of RSRQ and RSRP to trigger quality based inter-frequency and inter-RAT handovers.
2. Discussion
In this section we present the used simulation scenario and the obtained results.
2.1 Simulation set-up
This study has been performed using a fully dynamic time driven simulator which simulates UL and DL directions simultaneously with a symbol resolution. We have assumed similar event-triggered measurement reporting and HO triggering as applied in UTRA. We have used RSRP measurements for evaluating the best cell and for making the actual intra handover decisions. The used handover parameters are also similar to those used in UTRA. In addition to RSRP measurement for intra-frequency handover purposes, the UE also makes intra-frequency RSRQ measurements. In addition to the intra-frequency measurements, UE continuously measures the inter-frequency RSRP and RSRQ. Either RSRP or RSRQ triggering is used to initiate the inter-frequency handover evaluation based on the selected metric (RSRP or RSRQ). The measurement gaps were not modelled in these simulations and handover delay was assumed to be zero.  
Similarly as in earlier studies in order to be able to evaluate the effect of fractional load situation to RSRQ the same definitions of RSSI as used in [3] have been applied to RSRQ. This provides information how the UE measurement strategies affects the results. The two RSSI measurement modes are as follows:
(1) RSSI mode 1: RSSI measurements are done in such symbols that contain reference symbols and control channels in the serving cell. 

(2) RSSI mode2 : RSSI measurements are done in such symbols that only contain data in the serving cell
In the context of this document the corresponding RSRQ measurements based on these mentioned RSSI measurement modes are named accordingly, RSRQ mode1 and mode 2. In the simulations the UE makes RSSI and RSRP measurements with predefined period (“measurement interval”). RSRQ is then calculated from these instantaneous values and it is then averaged over a 200ms sliding window (“measurement period”). RSRP is also averaged over the same period. 
Although the principal setting is rather similar to study presented in [3] study the success/correctness of handover triggering using either RSRQ or RSRP measurement was evaluated based on the observed user throughput measure. From the simulations the following metrics were calculated in addition to throughput related results:
· Portion of IF HO: Portion of the inter-frequency handovers of total handovers
· Unnecessary triggering: Portion of the triggered handover evaluations that do not result a handover. 
· Direction of IF HO’s: Portion of HO going from network 1 to network 2 (and vice versa) of total number of inter-frequency handovers
Several different loading assumptions were evaluated for each frequency layer. FTP_NO_TCP traffic model was used and traffic model source data rate was varied to adjust the total load. These can be categorised roughly to more highly loaded cases and cases with lower load. Different loading on different frequency layers was achieved by adjusting the probability of call starting in either network (e.g. 50/50, 10/90). 

2.2 Equally loaded networks
This section contains the results comparing the different triggering and handover comparing the RSRP and RSRQ based inter-frequency handover triggering and evaluations. These results were obtained in a situation where the probability of call starting in each network was equal (50%/50%). Figure 1 shows the portion of inter-frequency handovers and unnecessary measurement triggerings for different measurement quantities and triggering thresholds as a function of different traffic source loads (100kbps, 250kbps, 500 kbps and 1000kbps). As noted earlier the given threshold is used to initiate the inter-frequency handover evaluation and if the other frequency layer has 2dB higher value for the used measurement quantity, handover is performed. Expected behaviour is seen when the threshold is set to higher level, e.g. larger portion of the handovers will be inter-frequency handovers due to more frequent evaluations. When the source load is lower the portion of inter-frequency handovers is reduced for RSRQ mode2. Increase in the portion of unnecessarily triggered handover evaluations is not that strongly dependent on the used threshold. More often need for inter-frequency handover is evaluated, more often handover will occur. As discussed in [3] the threshold should be set to such a level that the number of intra-frequency (or inter-RAT) handover is kept at reasonable levels. With thresholds resulting approximately the same level of inter-frequency handovers there is no major difference in the handover probabilities. However, for the lower traffic source data rates (resulting more varying load/interference) some what decreasing trend is seen in the portion of inter-frequency handovers for the RSRQ. Also the difference between the two RSRQ modes comes more apparent as could have been expected.
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Figure 1 – (Left:) Portion of inter-frequency handovers and (Rigth:) portion of unnecessary measurement triggering for RSRQ and RSRP with different thresholds.
Figure 2 shows the average RB utilization with different traffic source rates and thresholds and how large portion of the inter-frequency handovers happen from network1 to network2.. The results are presented only for the other network layer as they are more or less equal for both. No significant differences are seen between different measurement quantities. Similarly Figure 3 shows the user throughputs (average and 5%-ile) for the network1. In terms of average user throughput no major difference can be seen. For the cell edge user throughputs some differences can be seen at the highest traffic source rates. These are very minor but would indicate that doing more frequent inter-frequency handovers (e.g. have high threshold for handover evaluation) would allow better user throughput for the 5%-ile. However as noted, no handover delay is assumed and the measurement gaps are not modelled, thus possible degradation due to these is not visible in the user throughput. With thresholds resulting approximately the same level probability of inter-frequency handovers, there is no major difference between different measurement quantities. 
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Figure 2 –(Left:) Portion of inter-frequency handovers from network1 to network2 and (Right): average resource block utilisation 
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Figure 3 –(Left:) Average user throughput for network1 and (Right:) the 5%-ile user throughputs
To further evaluate the impact of the UE measurement strategies and robustness of RSRQ additional simulations were carried out assuming that UE will use different RSRQ mode for different networks. Thus it was assumed that the RSRQ measurement on source (serving) frequency layer corresponds to RSRQ mode 1 or mode 2, and in the target frequency layer the other mode is used. Triggering of the inter-frequency handover evaluation is always based on the same measurement that is used in the source network. These are presented only with single threshold (lowest) to improve the readability. Based on the earlier results presented in [5] it is known that RSRQ mode1 shows less sensitivity to load variations and gives impression of more heavily loaded system, whereas mode2 is more sensitive to actual variations in interference variations. Figure 4 shows the handover probability statistics for cases where same mode is assumed for both source and target network and different RSRQ mode is assumed for each network. In addition statistics for RSRP are shown. 
It can be seen that at lower load comparing in handover evaluation RSRQ modes 1 from source and mode 2 from target layer results increase in probability of inter-frequency handovers compared to the other cases. Thus as noted earlier in similar low load conditions RSRQ mode1 (from source layer) would indicate higher load situation than RSRQ mode2 (from target layer), which will lead to increased probability of inter-frequency handovers. For unnecessary measurement triggering events there is some variation in terms of load and assumed combinations. In Figure 5 the 5%-ile user throughputs and average resource block utilization are shown for the same cases. All measurement quantity combinations have similar performance in all source data rates, apart from the lowest. At lowest source data rate, doing the handover evaluation based on RSRQ modes 2 for source and mode 1 for target layer results more loaded picture of the target layer leading to drop in user throughput. 
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Figure 4 – (Left:) Portion of inter-frequency handovers and (Right:) portion of unnecessary measurement triggering for different RSRQ modes and RSRP with lowest threshold.
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Figure 5 – (Left:) 5%-ile user throughputs and (Right:) average resource block utilisation.
2.3 Unequally loaded networks
In this section we show results for the case when networks are unequally loaded. Thus the probability of starting call going to a network is 10%/90% (network1/network2). Similarly as earlier the over all system loading is varied by changing the traffic source load. Figure 6 gives the statistics for inter-frequency handovers and unnecessary measurement triggering. Similar tendency as in case of equally loaded networks can be seen e.g. higher the threshold, higher the probability of inter-frequency handover or unnecessary triggering 
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Figure 6 – (Left:) Portion of inter-frequency handovers and (Rigth:) portion of unnecessary measurement triggering for RSRQ and RSRP with different thresholds.
As noted in earlier the call distribution was set in such a manner that network2 should have higher portion of users. This can be seen in Figure 7 showing that the average resource block use in network2 is higher than in network 1. Thus for load balancing reasons it would be beneficial to move the users from more highly loaded network to less loaded one. Figure 8

 REF _Ref189629859 \h 
 shows the direction of the handovers e.g. portion of the inter-frequency handovers directed from network2 to network1. For each evaluated measurement quantity and threshold the portion of inter-frequency handovers is higher towards the less loaded network. The flow from more loaded network to the less loaded network is clearest at lowest threshold for RSRP and RSRQ mode2. For RSRQ mode1 the “directivity” is not as strong at lower threshold, even though the network1 load is relatively low.
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Figure 7 – Average resource block utilisation for network 1 (left) and network2 (right)
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Figure 8 – Portion of inter-frequency handovers from network2 to network1
Similarly as in case of equally loaded networks the impact of the different UE measurement strategies and robustness of RSRQ was evaluated with additional simulations in uneven load conditions. In these simulations the UE will use different RSRQ modes for different networks/frequency layers. Different RSRQ measurement mode was used in target frequency layer than in source (serving) layer. Figure 9 shows the portion of inter-frequency handovers and unnecessary measurement triggering events for different RSRQ measurement mode combinations. Apart from the lowest load the portion of inter-frequency handovers is equal for all options and at lowest source rate the combination of assuming RSRQ mode1 from source and mode2 from target results larger portion of inter-frequency handovers than other cases. Trend of the unnecessary handover triggering events is similar for the most measurement modes, but slightly different behaviour is seen for RSRQ mode1. Due to the characteristics of RSRQ mode1 (e.g. measured over first OFDM symbol carrying control) it’s behaviour is lesser extend dependent on the actual resource block utilisation than for the other measurements. Figure 10 show the user throughput (5%-ile) and portion of handovers from network2 to network1 (high loaded to low loaded). In terms of achieved user throughput the performance of different measurement schemes is equal. As noted in case of portion of unnecessary measurement triggering the RSRQ mode1 shows slightly different trend than the other schemes in terms of direction of the inter-frequency handovers due to the insensitivity to actual load variations. For other schemes the direction of the inter-frequency load is effect by the loading/number of active users. Figure 11 gives average resource block use for both networks. No considerable differences can be seen between schemes in these figures.
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Figure 9 – (Left:) Portion of inter-frequency handovers and (Right:) portion of unnecessary measurement triggering for different RSRQ modes and RSRP with lowest threshold.
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Figure 10 – (Left:) 5%-ile user throughputs and (right:) directivity of handovers with lowest threshold for different measurement modes.
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Figure 11 – Average resource block utilisation with different measurement modes for network 1 (left) and network2 (right) with lowest threshold
3. Summary
In this contribution we have compared the inter-frequency handover performance for different measurement quantities and possible measurement strategies. These were compared in two overall network loading assumptions; having either equally loaded networks or unevenly loaded networks. This was achieved by adjusting the probability of call starting on a given frequency layer. Actual level of load over the two frequency layers was evaluated by changing the traffic source data rate. This was done to get more comprehensive view of the inter-frequency handover behaviour in different conditions. The main observed statistics were portions of inter-frequency handovers and level of unnecessary inter-frequency handover evaluations/measurement triggering. Direction of the inter-frequency handovers e.g. portion of the handovers going from one frequency to other was also studied. Furthermore the average resource block utilisation was compared as it can be seen to relate to the loading at the given layer, but also variation of the interference (e.g. allocation). User throughput (average and 5%-ile) were used as a performance metric. 
In the simulations all UEs in a given frequency layer used the same RSRQ measurement mode all the times. As also shown previously, measured RSRQ results with the Mode 1 and Mode 2 assumptions differ quite a bit from each other, making individual UEs to behave somewhat differently depending on the internal measurement strategies a given UE uses.

In equally loaded networks very little difference in evaluated metric was seen and no strong benefit of using one measurement quantity over another was identified. Results in equally loaded case seemed also rather insensitive to the different RSRQ measurement mode combinations apart from the lowest load case where some impacts due to the selected measurement mode combination was seen. Combination of discussed RSRQ measurement modes when need for inter-frequency handover is compared could result too pessimistic view of the source or target (depending how combination is done) layer situation causing increase in amount of inter-frequency handovers or a loss in user throughput. This was however seen only at the lowest load and as in practise the measurement scheduling will be rather random compared to the deterministic approach used in these simulations, the impact is expected to negligible.

While observing the same quantities in unequally loaded networks again no strong difference was seen between different measurement quantities. With all measures the flow of users was strongly directional e.g. from high to low load. Some minor trends related to the characteristics of the different modes were visible but nothing very conclusive was observed.
4. Conclusions

Based on the agreement made in RAN4 meeting #46 in Sorrento [4] we have further evaluated the benefit of having RSRQ as a inter-frequency measurement and also the robustness of different possible measurement modes related to the scheduling of the measurements. In terms of metrics evaluated for the inter-frequency handover performance no clear benefit of one measurement quantity over another was seen. Minor difference with different measurement schemes (modes and their combinations) were seen. 
Based on our studies so far we have not seen further need for RSRQ inter-frequency measurements in addition to the network based load estimation, which was already concluded by RAN4 to be necessary and RSRQ based intra-frequency emergency triggering, which was agreed in the last RAN4 meeting. 
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Annex A. Simulation Parameters:

	Feature/Parameter
	
	Value/Description

	Operation Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	375 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	10

	Number of control symbols per TTI
	
	4

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors


	
	Inter site distance (ISD)
	500 m

	
	Minimum distance between UE and cell site
	35 m

	
	Number of UEs per sector
	10

	
	Antenna pattern
	70-degree sectored beam

	Distance-dependent path loss
	
	128.1 + 37.6log10(r)

	Shadowing standard deviation
	
	8 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Multipath delay profile
	
	Typical Urban

	Traffic model
	FTP_NO_TCP
	Packet size: 500 bytes 

	
	
	Packet generation interval: 4, 8, 16 and 40 ms 

	UE Speed
	
	3km/hour

	Time-To-Trigger
	
	0ms

	HO Decision delay
	
	0ms

	
	
	

	HO Margin
	
	3dB

	IF HO margin
	
	2dB

	Receiver
	
	2RX MRC

	RSRP Measurement
	Measurement Bandwidth
	6 PRBs

	
	Measurement Interval
	50 ms

	
	Measurement Period
	200 ms

	
	Measurement Error
	0 dB

	RSRQ Measurement
	Measurement Bandwidth
	10 MHz

	
	Measurement Interval
	50 ms

	
	Measurement Period
	200 ms

	
	Measurement Error
	0 dB
















































































































































































